Psychosocial factors may drive people with irritable bowel syndrome (IBS) to seek health care, but whether psychological factors are causally linked to IBS is controversial. One hypothesis is that IBS is a heterogeneous syndrome comprising two distinct conditions, one psychological and the other biological. However, it is unclear how many people with IBS in the community have little somatization and minimal psychosocial distress. The aim of our study was to estimate the proportion of people with IBS in a representative US community, who have low levels of somatic and psychological symptoms.
INTRODUCTION
Irritable bowel syndrome (IBS) is a very common functional gastrointestinal (GI) disorder that is characterized by abdominal pain or discomfort in association with altered bowel habits (1 -3) . Although the cause of the disorder remains essentially unknown, IBS is currently conceptualized as a bio-psychosocial disorder with disturbances of motor function, heightened visceral sensitivity, and possibly central nervous system disturbances (4 -6) . Early life experiences (e.g., abuse), adult stressors (e.g., divorce or bereavement), lack of social support, and other social learning experiences can a ect both an individual ' s physiological and psychological responses, and may precipitate abdominal distress, as well as psychiatric disorders (4,7 -11) .
Following landmark studies by Drossman et al. (12) and Whitehead et al. (13) , psychosocial factors in IBS have been considered to be related to inducing illness behavior rather than being causally related to the condition itself (14 -16) . However, there is a considerable body of evidence supporting an association between psychological distress, environmental
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stress, and functional GI disorders, especially IBS (17 -19) . In a recent population-based nested case -control study (17) , psychosocial distress as measured by the Symptom Checklist-90-R (SCL-90-R) was signi cantly associated with the presence of a functional GI disorder and was not explained by health-care utilization. Furthermore, in the systemic review, Whitehead et al. (20) reported that between a quarter and a third of patients with IBS meet the criteria for somatization disorder, which is much higher than in the normal population. However, they suggested that the reported association of somatization disorder with IBS represents only a portion of the psychiatric spectrum of somatization, which was de ned by very strict criteria. Other studies (21 -23) have also observed an excess somatization tendency in outpatients with IBS. It is conceivable that less severe forms of somatization are more common in IBS in the community, but this is poorly documented. In addition, few data regarding the association between IBS and somatization and / or psychosocial distress exist in the community.
us, we aimed to estimate the association of somatic symptoms and global psychological distress with IBS status in community subjects, and to evaluate whether the Somatic Symptom Checklist (SSC) provides a valid measure of somatization assessed by the SCL-90-R in patients with or without IBS. We hypothesized that a subgroup of the population with IBS in the community has high somatization and psychosocial distress scores, and the others have normal scores.
METHODS
Subjects
e Olmsted County, Minnesota, population comprises ~ 120,000 individuals, of which 89 % are white; sociodemographically, this community resembles the US white population. Mayo Clinic is the major provider of medical care (24) . During any given 4-year period, more than 95 % of the local residents will have had at least one local health-care contact (24) . Pertinent clinical data are accessible because the Mayo Clinic has maintained, since 1910, extensive indices on the basis of clinical and histological diagnoses and surgical procedures (25) . e system was further developed by the Rochester Epidemiology Project, which created similar indices for the records of the other providers of medical care to Olmsted County residents. erefore, the Rochester Epidemiology Project records linkage system provides essentially an enumeration of the population from which samples can be collected (24) . ese data resources have been used in a series of investigations into the epidemiology of functional GI disorders (26 -30) .
Using this system, a series of age-and gender-strati ed random samples of residents of Olmsted County were mailed validated self-reported GI symptom questionnaires (Talley BDQ (Bowel Disease Questionnaire) or a close validated derivative). e Talley BDQ has been shown to be a reliable and valid measure of GI symptoms (31) . e BDQ consists of GI symptoms that record symptoms of IBS and the SSC, which consists of questions about relevant symptoms and illnesses (e.g., headaches, backaches, lethargy, insomnia), but excludes any GI items, and subjects are instructed to indicate how o en each occurred (0 = not a problem to 4 = occurs daily) and how bothersome each was (0 = not a problem to 4 = extremely bothersome when occurs) during the past year, using separate 5-point scales (32, 33) .
e SCL-90-R is a measure of psychological state (34) . It has question items that ask on a 5-point scale, how much a certain problem has bothered the subject over the past 7 days. is allows nine scales to be derived, namely somatization, obsessive-compulsive, interpersonal sensitivity (feelings of personal inadequacy and inferiority), depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. e nine raw symptom distress scores are transformed into normative T scores on the basis of samples of non-patient normal males and females (all SCL-90-R subscale scores were transformed into a standardized T score with a mean of 50 and s.d. of 10 as de ned by the manual) (34) .
Subjects for this study were pooled from follow-up studies on the basis of three population-based survey studies (17,35 -37) , in which they lled out both a validated GI symptom questionnaire, which contained the SSC (with 11 somatic complaint items in common across the three surveys), and SCL-90-R. Brie y, in the rst population-based study (36, 37) , the questionnaires were mailed to an age-and gender-strati ed random sample of 2,174 eligible residents of Olmsted County aged 65 years and more (response rate 74 % ). In the second populationbased study (17) , the questionnaires were mailed to an ageand gender-strati ed random sample of residents of Olmsted County aged 20 -50 years; a total of 814 (88 % ) of 925 eligible subjects responded. In the third population-based study (35) , an age-and gender-strati ed random sample of 1,346 eligible Olmsted County residents, aged 20 -80 years were mailed questionnaires; 659 subjects responded (response rate 49 % ). We have shown in earlier studies (17, 35) that there were no clinically important di erences in gender, age, or SSC scores between responders and non-responders. Following each of these surveys, speci c GI symptomatic and asymptomatic responders were recruited for further outpatient studies, which included having the subjects ll out the SCL-90-R questionnaire ( Figure 1 ). We used these pooled patients, who lled out both a validated GI symptom questionnaire, which contained the SSC, and SCL-90-R, for this study.
erefore, a total of 501 subjects with appropriate research authorization for the use of their medical records for research were pooled from the three earlier follow-up studies obtained from community-based surveys, of which 461 had complete information on all data items examined in this study ( Figure 1 ).
Defi nition of IBS
IBS was de ned by the modi ed Rome II criteria, namely abdominal discomfort or pain more than six times in the
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past year that has at least two out of three features, such as: (i) relieved with defecation, (ii) onset associated with more or fewer stool specimens, and (iii) onset associated with looser or harder stool specimens (38) . We have applied this de nition in earlier studies and shown that it provides data similar to that of a physician interview (27, 39) .
Statistical analysis
To address the overall aim of this study, logistic regression models (to predict IBS, yes vs. no) were used to evaluate the associations between somatization / psychosocial factors and reporting symptoms consistent with IBS, adjusting for age and gender. e proportion of subjects reporting symptoms consistent with IBS was estimated in subgroups de ned by the combination of SSC score categories (25th and 75th percentile cuto s) and categories of the SCL-90-R Global Severity Index (GSI) scale (de ned by the usual cuto s of 40 and 60, i.e., the standardized score mean ( ± s.d.) of 50 ( ± 10). Multiple linear regression models were used to assess the association of the SSC score with SCL-90-R scores adjusting for age, gender, and IBS status. In particular, this analysis assessed the ability of the SSC score to predict the SCL-90-R somatization scale. All P -values were two-sided, and those < 0.05 were considered statistically signi cant. e di erent analyses each focused on di erent hypotheses and thus, no adjustment for multiple tests was made.
RESULTS
Demographic features
Of the 461 subjects pooled for this study, 48 % were female and the mean ( ± s.d.) age was 56 years ( ± 22). Of the 461 subjects, 106 (23 % , 95 % CI (95 % con dence interval): 19 -27) met the Rome criteria for a diagnosis of IBS. e demographic features of the subjects with and without IBS are presented in Table 1 . No statistically signi cant associations between IBS status and age, marital status, smoking, alcohol, educational level, or BMI (body mass index) ( Table 1 ) were detected. However, a signi cant association between IBS status and physician visits for bowel problems in the last year was detected (adjusted for age and gender), with visits more common in subjects with IBS compared with those without IBS.
Psychological distress in subjects with and without IBS e mean scores for the SCL-90-R subscales ( Table 2 ) and those for the 11 somatic complaints of the SSC ( Table 3 ) in subjects with IBS, without IBS, and overall are given in Tables 2 
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all subscale scores of the SCL-90-R was detected (adjusted for age and gender), with numerically greater mean scores observed in subjects with IBS (except for phobic anxiety, Table 2 ). Although the overall SCL-90-R phobic anxiety scores for IBS and non-IBS subjects were identical ( Table 2 ) , there were modest associations between IBS status and phobic anxiety scores within age and gender subgroups (data not shown).
Similarly, a signi cant association of IBS status with the overall SSC scores was detected (adjusted for age and gender) with greater scores observed in IBS subjects ( Table 3 ).
In particular, the separate frequency and severity of the overall mean scores were greater in subjects with IBS than in those without IBS (data not shown). In addition, IBS status was signi cantly associated with each of the somatic items (except asthma, heart palpitations, high blood pressure, and weakness) adjusting for age and gender.
Distribution of the subjects with IBS according to the SSC and GSI scores of the SCL-90-R are shown in Table 4 and in Figure 2 . Among subjects with high (>75th percentile) SSC scores, 40 % reported IBS vs. 11 % of those with low ( < 25th percentile) SSC scores. Among those 
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Correlations between SSC and SCL-90-R
In the total study sample, a univariate analysis revealed that the SSC scores were positively correlated with somatization, with high (>60) GSI scores, 33 % reported IBS vs. 8 % with low ( < 40) GSI scores. Specifically, none of the 106 IBS subject had both a low SSC score and a low GSI score as defined above.
Predictors of IBS
e ability of the each of the somatic complaints included in the SSC and that of each subscale of the SCL-90-R to predict IBS vs. non-IBS is summarized in Table 5 . Logistic regression analysis indicated that all of the SCL-90-R subscales (except phobic anxiety) were signi cantly ( P < 0.05) associated with IBS relative to non-IBS (adjusting for age, gender, educational level, marital status, smoking, alcohol use, and BMI, Table 5 ).
e community subjects with greater somatization scores had greater odds for IBS (OR (odds ratio) 2.2 per unit, 95 % CI: 1.2 -3.8). Of the 11 somatic complaints, a higher score for 7 items (but not asthma, high blood pressure, and dizziness) was associated with greater odds for reporting IBS compared with the non-IBS group ( Table 5 ). 
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depression, anxiety, and the GSI subscale of the SCL-90-R (all P < 0.05) ( Table 6 ). Furthermore, in multiple linear regression models, adjusting for age, gender, and IBS status, the overall SSC score was most strongly correlated with the somatization subscale, with a partial r 2 value of 31 % , whereas, e.g., for the GSI score, the partial r 2 of the SSC score was 17 % .
DISCUSSION
In this population-based study, we assessed the association of somatic and psychological symptoms with IBS status, and examined predictors of IBS for each of the items in the SSC and for each SCL-90 subscale. e signi cant associations corresponded to higher levels of psychological distress and somatization in patients with IBS. Interestingly, we did not nd any community subject with low psychological distress and somatic complaints scores to have IBS. It is noted that, headaches, backaches, insomnia, fatigue, general sti ness, heart palpitations, and eye pain were all individually associated with IBS status in the general population on the basis of the Rome criteria.
It is well known that psychological and psychiatric comorbidity is common among patients with IBS (17, 20, 40) . e American Gastroenterological Association technical review on IBS (16) reported that the prevalence of a psychiatric disorder ranges from 40 to more than 90 % among patients with IBS referred to tertiary care centers, but argued that these studies overestimated the true prevalence of psychosocial disturbance in patients with IBS because psychological factors in uence whether patients consult physicians. Several studies carried out in volunteers (12, 13, 41) reported that persons with IBS, who do not see physicians, are psychologically similar to those without bowel complaints. In contrast, more recent population studies (42 -45) have suggested that the earlier volunteer nonpopulation-based studies may have been biased, but this view is still controversial (16) . Koloski et al. (19) reported that psychiatric diagnoses, neuroticism, more highly threatening life event stress, an external locus of control, and ine ectual coping styles were signi cantly associated with having a diagnosis of IBS and / or dyspepsia, and somatization was independently associated with IBS in a random population sample from Sydney, Australia. Similarly, in a nested case -control study, Locke et al. (17) observed that psychological distress as measured by SCL-90-R was associated with functional GI disorders, and this observation was not explained by referral bias; others have come to similar conclusions (44, 45) . Sayuk et al. (46) reported that a higher burden of the current somatic symptoms was a strong predictor of a functional bowel disease in outpatients presenting with GI complaints. However, the burden of psychological distress in IBS remains unclear in the community, as studies have failed to document how many IBS su erers are totally free of psychological comorbidity. Our study has shown in a general population sample that higher somatization and higher psychosocial distress were both associated with IBS, and more importantly no IBS patient had both a low somatic symptom score and a low psychological distress score. e denition of the normal range of SCL-90-R scores was based on commercially used cuto de nitions that are widely accepted (34, 47) . For the somatization score, the choice of the 25th and 75th percentile cuto s was somewhat arbitrary but intuitively reasonable, and was intended to give a su cient number of subjects in each of the " cells " . We postulate that high somatization and psychosomatic distress levels represent true risk factors for IBS in the community, although our data do not establish causality. Psychological distress is also an important factor in IBD (in ammatory bowel disease) (47, 48) . Sewitch et al. (47) studied the psychosocial distress in 200 patients with IBD from tertiary care settings. ey showed that patients with IBD had higher levels of psychological distress than controls; the mean GSI score of patients with IBD was 57.1 (s.d. = 9.4).
ese results are comparable with the ndings in this study, in which the mean GSI score of community subjects with IBS was 54 (s.d. = 9).
Of the 11 somatic complaints included from the SSC, we found that 7 items were signi cantly associated with IBS independent of age, gender, education level, marital status, smoking, alcohol use, and BMI. Whitehead et al. (40) reported that 48 of 51 symptom-based diagnoses were signi cantly more common in patients with IBS vs. that in controls, including headache, back pain, sleep disorder, muscle weakness, pelvic pain, and blurred vision. Although the nding of higher somatic complaints in IBS vs. that in controls was similar to our results, they did not nd any unique associations between these symptom-based diagnoses and IBS. However, our study suggests that the majority of the somatic complaints are independently associated with IBS. It is noted that, the study of Whitehead et al. (40) was not population-based, the subjects were recruited from a primary health-care system, and the ndings were based on an administrative database rather than on a survey or other direct methods of measuring somatic symptoms. Recently, there has been an increasing interest in overhauling the classi cation of somatoform disorders in the diagnostic and statistical manual of mental disorders (DSM) classi cation, including adding a broad spectrum of bodily symptom complaints (IBS, chronic fatigue syndrome, bromyalgia, and chronic benign pain syndrome) (49 -51) . Fink et al. (49) showed that functional somatic symptoms could be grouped into three main symptom clusters, namely GI, CP (cardio-pulmonary), and MS (musculoskeletal). In addition, they found signi cantly inter-correlated correlation coe cients of 0.40 -0.45 (Spearman ' s rho) between a number of the symptoms from CP, GI, and MS symptom groups, and suggested that the three functional somatic syndromes are all di erent representations of a common latent phenomenon. Our study also showed that the eight somatic complaint items were associated with IBS, raising the possibility that a subset with IBS in the community may not have a speci c entity but are a part of a general syndrome of bodily distress.
e strengths of this study include the investigation of a pooled sample that was obtained from random populationbased samples that were not seeking health care for their bowel complaints.
is should have minimized selection bias, even though one of limitations of this study is that we were required to use the data from subjects who had completed both the SSC and SCL-90-R in our earlier populationbased studies (17, 27, 35, 36) . However, we have shown, a er a careful review, that there were no systematic di erences between individuals who participated and non-participants, including in terms of age, gender, or SSC score in our earlier studies (17, 35, 36) . We did not study subjects at the onset of their symptoms and thus, cannot discriminate factors important in the initiation of symptoms from those responsible for symptom persistence. us, we cannot address causality from this study; the study of a prevalent case does not allow for the assessment of cause and e ect. We do not have information regarding which subject with IBS acquired the condition a er infection, although we believe this is likely to be the minority (52, 53) . However, our data do suggest that psychological factors are more important in community subjects with IBS than has been anticipated. Finally, the current data cannot be generalized to the entire US population because the racial composition of this community is predominantly white (54) .
We conclude from this population-based study that psychological factors are strongly associated with IBS in the community; notably, somatization is signi cantly associated with IBS independent of age, gender, education level, marital status, smoking, alcohol use, and BMI. Interestingly, we did not nd an IBS community subject who was free of psychological distress and somatic symptoms. ese data suggest that psychological factors may be more strongly associated with IBS than
